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The present report deals with the synthesis and characterisation of C2-symmetrical chiral Fe(III)(porphyrin)(OMe) catalysts 
displaying a totem structure, where each section is assigned to a specific catalytic activity. The chiral portions of the 
porphyrin ligand are constituted by amino acid residues, which form a chiral cavity by surrounding both faces of the 
porphyrin plane, as clearly displayed by the X-ray structure of one free-base porphyrin. 
The Fe(III)(porphyrin)(OMe)-catalysed cyclopropanation of -methylstyrene by diazo compounds occurred with excellent 
diastereoselectivities and a modest enantiocontrol. Thus, obtained catalytic results were rationalised by performing a DFT 
investigation, which will be fundamental in the future modification of the molecular structure of chiral ligands in order to 
improve their catalytic performance. 
Introduction 
The development of eco-friendly catalytic processes to 
produce valuable chemicals is nowadays a laid down rule 
rather than added value in line with basic principles of ‘green 
chemistry’.
1
 Innovative catalysts, which must combine 
excellent activity and selectivity with high eco-tolerability, 
should be designed by choosing an opportune metal/ligand 
combination. There is a growing scientific interest in the use of 
first-row transition metals due to their high Earth abundance, 
economic convenience, low toxicity and versatile catalytic 
behaviour.
2
 On the other hand, a ligand must contribute to the 
catalyst performance by ascribing specific peculiarities to the 
system in terms of shape-, chemo- and stereoselectivity.
3
 
Among fine chemicals of a commercial interest, 
cyclopropane-containing compounds represent a class of 
active molecules, which can either display biological and 
pharmaceutical characteristics
4,5
 or be transformed into other 
relevant compounds by opening reactions of the strained 
three membered ring.
6-10
 One of the most sustainable 
methodologies to synthesise cyclopropanes is the one-pot 
reaction of an alkene with a diazo compound (R
1
R
2
C=N2),
11,12
 
which has recently been exploited also at industrial level 
(Scheme 1). Practical drawbacks related to the hazardous 
nature of diazo reagents have been overcome by using 
continuous-flow technologies which permit the safe synthesis 
of cyclopropanes on a large scale.
13-16
 
 
Scheme 1. General scheme of cyclopropanation of alkenes by diazo compounds. 
Among all homogeneous catalysts employed to promote 
alkene cyclopropanations, metal porphyrin complexes have 
displayed an excellent activity/stability relationship which very 
often guaranteed high TON and TOF values.
17-21
 
Porphyrin complexes of first-row transition metals, such as 
cobalt
22-31
 and iron,
32-36
 are active cyclopropanation catalysts, 
and in particular iron porphyrin complexes have recently 
received increased attention from the scientific community. 
This is because they mimic the catalytic activity of enzymes 
containing an iron-heme unit,
37-39
 show a cheap, eco-friendly 
and very active metal
40
 and the low-toxic porphyrin ligand can 
easily be structurally modified to fine tune the catalytic 
performance.  
We recently reported on the catalytic activity of iron(III) 
C2-symmetrical Fe(1)(OMe) complex (Figure 1) which has 
promoted the reaction of several styrenes with diazo reagents, 
producing excellent diastereo- and enantioselectivities 
(trans/cis up to 99:1 and eetrans up to 87%) as well as 
outstanding TON and TOF values (up to 10 000 and 
120 000 h
-1
, respectively).
41,42
 The study of the reaction profile 
highlighted that the reaction stereocontrol was due to a 
‘totem’ ligand structure where three portions were 
independently responsible for the alkene cyclopropanation. 
The tetrapyrrolic core of the ‘totem’ hosts the iron metal 
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which activated the diazo reagent, the C2 symmetrical skeleton 
induced high trans-diastereomeric ratios and the chiral ‘hat’ 
was responsible for the enantiocontrol and contributed to the 
enhancement of the reaction diastereoselectivity. A DFT study 
of Fe(1)(OMe)-catalysed cyclopropanations revealed the 
formation of an active intermediate carbene species and 
clarified the dependence of the stereocontrol on the 
tridimensional arrangement of the chiral porphyrin ligand.  
 
Figure 1. Totem structure of chiral porphyrin 1. 
Data described above inspired the synthesis of other 
C2-symmetrical chiral porphyrins where the chiral binaphthyl 
unit was replaced by an amino acid moiety, which in turn 
increased the catalyst bio-compatibility without changing the 
molecular symmetry.  
The scientific interest in the synthesis of amino 
acid/porphyrin conjugates is generally due to their natural 
tendency to self-assemble into nanoaggregates with 
interesting chemo-physical characteristics.
43
 The presence of 
amino acid fragments linked to a porphyrin skeleton plays an 
important role in the recognition process,
44-46
 enhances the 
biological uptake of the molecule
47
 and favours the singlet 
oxygen generation for PDT applications.
48,49
 
Amino acid/porphyrin complexes have been poorly 
employed as homogeneous catalysts and, to the best of our 
knowledge, they have only been used to mediate oxidation 
catalytic processes.
50-52
 
Herein we report the synthesis and complete 
characterisation of chiral porphyrins 3, 4 and 5 (Scheme 2), the 
synthesis of corresponding iron(III) complexes Fe(3)(OMe), 
Fe(4)(OMe) and Fe(5)(OMe) and their catalytic activity in 
cyclopropanation reactions. In addition, obtained experimental 
results were rationalised by performing DFT investigations.  
Results and discussion 
Synthesis and characterisation of amino ester/porphyrin 
conjugates. 
As reported in previously published papers, picket porphyrin 2 
is a suitable starting material to synthesise a large class of 
strapped porphyrins, including porphyrin 1, in good yields.
41,53
 
Achieved data indicate that the length of the strap can be 
tuned by selecting the number of atoms between the two 
pickets which are flexible enough to be linked to one single 
atom to form two additional macrocycles above and below the 
porphyrin plane. Therefore, in order to synthesise a larger pool 
of chiral molecules, the benzylic functionality of porphyrin 2 
was reacted with the primary amino group of either chiral 
amines or natural amino ester compounds. 
Thus in a typical reaction, porphyrin 2 was heated in 
presence of K2CO3 and NaI with (L)-alanine tert-butyl ester, 
(S)--methylbenzylamine, and (L)-phenylalanine methyl ester 
to obtain the corresponding strap porphyrins 3, 4, and 5 
respectively in yields up to 67% (Scheme 2). 
 
Scheme 2. Synthesis of porphyrins 3, 4 and 5. 
As already reported for porphyrin 1,
41,42
 the 
1
H NMR pattern of 
this type of ligand can help us to have an idea of their 
structure in solution by analysing the chemical shift of 
characteristic protons, as those of the methyl group of alanine, 
methylene group of phenylalanine or ester group, both in the 
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native amino ester and once grafted onto the porphyrin 
skeleton. 
It should be noted that all the protons placed in the alpha 
positions with respect to the stereogenic centre are shifted 
towards lower ppm values ( 2 ppm, see SI). A deeper 
analysis of the molecular structure of 5 by using Nuclear 
Overhauser effect (NOE) spectroscopy (vide infra for details) 
clearly indicated that the aromatic cycles of the linkers are 
oriented in solution towards the tetrapyrrolic core in contrast 
with what observed for porphyrin 1 (Figure 2) where the NMR 
study disclosed that the two benzyl units pointed outside the 
porphyrin plane.
41
 
In the case of porphyrin 5, single crystals suitable for X-ray 
crystallography were also obtained by slow diffusion of 
n
hexane into a CH2Cl2 solution of 5.  
 
Figure 2. X-ray structure of free-base porphyrin 5 (conformation A). Top: perspective 
ORTEP view (30% level of probability). Bottom, left: Rods view perpendicular to the 
straps. Right: Rods apical view (bottom strap omitted). 
As reported in Figures 2 and 3 there are two different 
conformations of porphyrin 5 in the asymmetric unit cell. 
These two conformations A and B mainly differ by only one 
strap with the ester residue pointing either inside the cavity 
(Figure 2, conformation A) or outside the cavity (Figure 3, 
conformation B). 
 
Figure 3. X-ray structure of free-base porphyrin 5 (conformation B). Top: perspective 
ORTEP view (30% level of probability). Bottom, left: Rods view perpendicular to the 
straps. Right: Rods apical view (bottom strap omitted).  
In the solid state the two benzylic groups (C1 and C2) linked by 
the amine nitrogen atom (N7) of the amino ester were clearly 
oriented inside the cavity in conformation A (Figure 2). This 
inwards conformation projects the amino ester residues above 
the coordination site of the macrocycle with the side chain 
rejected outside the cavity. The two phenyl rings from the side 
chain are oriented at 63.0° and 62.1° of the mean porphyrin 
plane. 
The atom of the amino ester closest to the porphyrin plane 
was the oxygen atom of the carbonyl group O4 at 4.907 Å from 
the centre of the N4-core and 2.903 Å from the 24-atom mean 
plane (24-MP). However, as seen on the apical view (Figure 2, 
bottom right), the complete amino ester functionality was 
significantly off-centred with its nitrogen atom N7 almost at 
the apical position of one nitrogen atom of a pyrrole cycle, N4. 
The macrocycle plane was slightly ruffled (Figure 2, bottom 
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left) as indicated by the angle between the two pairs of 
diametrically opposed pyrrole units measured as 6.0° and 4.5°.  
The two straps were similarly bent over the centre of the 
porphyrin core with angles of 59.4° and 57.8° with the mean 
plane of the straps being calculated by incorporation of all the 
atoms except those of the amino ester residue. 
When conformations A and B were compared, the most 
striking difference in conformation B (Figure 3) was the fact 
that the spatial location of the ester and lateral chain groups 
was inverted. In conformation B, the ester group of the upper 
side was oriented outside with O4 located at 7.921 Å from the 
centre of the N4-core and 6.399 Å from the 24-atom mean 
plane (24-MP). The phenyl ring of one lateral chain (upper 
strap in Figure 3) was almost parallel to the mean porphyrin 
plane with an angle of only 6.48° and a distance of its centroid 
at the mean porphyrin plane of 3.527 Å. The two phenyl rings 
of the lateral chains in this conformation B were at 66.84° one 
from each other.  
The bottom right apical view of conformation B in Figure 3 
clearly shows that the centroid of the lateral chain aromatic 
group was far away (7.156 Å) from the centroid of the N4 core 
of the porphyrin. In this second conformation B, the angles of 
the two straps with the mean porphyrin plane were quasi 
identical (52.52° and 52.97°) but slightly smaller than in 
conformation A. 
The NMR study disclosed 2D NMR NOE correlations (see SI) 
between the aromatic protons labelled ‘13’ and the -pyrrolic 
protons labelled ‘a’ (Scheme 2, red arrows) to indicate a 
‘pinched’ conformation of the strap lying above the porphyrin, 
in agreement with the X-ray molecular structure. NOE 
correlations were also observed between OMe protons and (i) 
meso-aromatic protons labelled ‘6’ and (ii) -pyrrolic protons 
labelled ‘b’ (blue arrows), as well as between CH2Ph protons 
and -pyrrolic protons labelled ‘b’ (green arrows). NMR 
spectroscopic data showed that the two types of 
conformations A and B coexist in solution and are averaged on 
the NMR time scale. 
 
Synthesis, characterisation and catalytic activity of 
Fe(III)(porphyrin)(OMe) complexes. 
Complexes Fe(3)(OMe), Fe(4)(OMe) and Fe(5)(OMe) were 
synthesised by reacting porphyrins 3, 4 and 5 with iron 
bromide and by following the experimental procedure already 
reported for the synthesis of Fe(1)(OMe).
41,42
  
Complex Fe(3)(OMe) was first tested as the catalyst of 
-methylstyrene cyclopropanation by using either ethyl 
diazoacetate (EDA) or benzyl diazoacetate (BDA) as the diazo 
reagent (Table 1). It should be noted that, as previously 
reported for Fe(1)(OMe)-catalysed cyclopropanations,
41
 the 
reaction performed well without employing an alkene excess 
however a small amount of diazo reagent excess was used. 
As reported in Table 1, even if the consumption of the alkene 
occurred in a few minutes, complex Fe(3)(OMe) displayed a 
modest catalytic activity and desired cyclopropanes 6 and 7 
were obtained from moderate to good yields. The reaction 
performed better in the presence of EDA than BDA and the 
best yield of 90% (Table 1, entry 3) was achieved by slowly 
adding EDA in order to limit the formation of side-product 8. 
Table 1. Fe(3)(OMe)-catalysed cyclopropanation of -methylstyrene by either EDA or 
BDA.[a] 
 
entry 
diazo 
reagent 
t[b] 
(min) 
6-7 
yield 
(%)[c] 
8-9 
yield 
(%)[c] 
trans
/cis[c] 
eetrans
(%)[d] 
eecis 
(%)[d] 
1 EDA 5 6, 65 8, 33 90:10 4.2 9 
2[e] EDA 5 6, 55 8, 42 89:11 1 9 
3[e] EDA 60[f] 6, 90 8, 5 89:11 4 12 
4[e][g] EDA  5 6, 52 8, 40 88:12 4 53 
5 BDA 10 7, 50 9, 45 93:7 1 69 
6[e] BDA 60[f] 7, 40 9, 53 88:12 9 68 
7[e][g] BDA 60[f] 7, 45 9, 52 90:10 4 72 
[a] Catalyst/-methylstyrene/diazo compound=1:1000:1100 in 2.5 mL of toluene 
at 25°C. [b] Time required for the diazo compound conversion monitored by IR 
spectroscopy. [c] Determined by 1H NMR (2,4-dinitrotoluene as the internal 
standard). [d] Enantiomeric excess of trans (S,S) and cis (S,R) isomer determined 
by HPLC (DAI-CEL CHIRALCEL, IB, nhexane/ipropanol=99.75:0.25). [e] Run in the 
presence of molecular sieves (4Å). [f] Diazo compound was added by a syringe 
pump. [g] Reaction performed at 0°C. 
The trans-diastereoselectivity of the reaction between EDA 
and -methylstyrene (Table 1, entries 1-4) was always good 
and similar to those already observed in the presence of 
catalysts Fe(1)(OMe) and Fe(2)(OMe).
41,42
 This data confirmed 
that the diastereocontrol was principally due to the 
tridimensional structure of porphyrin 2 independently from 
the nature of the chiral ‘hat’ linked to 2. Unfortunately, 
catalyst Fe(3)(OMe) was not very effective in controlling the 
reaction enantioselectivity (Table 1, entries 1-3) and only when 
the reaction was run at 0°C (Table 1, entry 4) 53% of eecis (and 
4% of eetrans) was achieved. It should be noted that only the 
minor cis-isomer of 6 was formed with a moderate 
enantiocontrol in contrast to what was observed in the 
Fe(1)(OMe)-catalysed reactions where the trans-isomer was 
formed with an excellent enantioselectivity.
41,42
 
In order to improve the stereocontrol, the 
cyclopropanation of -methylstyrene was performed by using 
the more sterically hindered BDA as the carbene source. The 
best result was obtained by running the reaction at 25°C (Table 
1, entry 5) where the trans/cis ratio of 93:7 was associated to 
69% of eecis. The reaction did not perform better either by 
adding the diazo reagent by a syringe pump (Table 1, entry 6) 
or by decreasing the temperature from 25 to 0°C where only a 
slight increase of the enantiomeric excess of the cis-isomer 
was observed (Table 1, entry 7). 
In order to investigate a possible catalytic role of the ester 
functionality onto the amino acid residue, the reaction 
between EDA and -methylstyrene was run in the presence of 
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Fe(4)(OMe) catalyst (Scheme 2) in which the chiral portion 
derived from (S)--methylbenzylamine. The cyclopropanation, 
performed at 25°C with a catalyst/-methylstyrene/EDA ratio 
of 1:1000:1100, produced compound 6 in 75% yield, trans/cis 
ratio of 90:10, 8% eetrans and 50% eecis. This result was in 
accord with that registered for Fe(3)(OMe)-catalysed reactions 
to indicate that the ester functionality did not play a specific 
role in controlling the reaction enantioselectivity.  
Finally, the same catalytic reaction was run in the presence of 
Fe(5)(OMe) (Scheme 2) which showed a chiral portion derived 
from methyl ester of (L)-phenylalanine rather than from 
tert-butyl ester of (L)-alanine as occurred in Fe(3)(OMe). 
Achieved results were in line with those discussed above and 
cyclopropane 6 was formed with 78% yield, 95:5 of trans/cis 
ratio, 9% eetrans and 54% eecis. This data indicated that a more 
sterically hindered benzyl group onto the stereogenic centre 
did not confer a more rigid orientation to the two chiral lateral 
pickets with a consequent scarce differentiation of the two 
enantiomeric reaction paths. 
Then, to rationalise catalytic data discussed up to now, a DFT 
study was carried out and obtained results are discussed 
below. 
 
DFT study of the cyclopropanation reaction. 
The X-ray structure of compound 5 shows a bent orientation of 
the chiral amino acid moiety towards the porphyrin system; 
this should have led to a heavy influence on the 
stereochemical outcome of the reactions catalysed by its iron 
complex Fe(5)(OMe), as well as by the Fe(3)(OMe) and 
Fe(4)(OMe) complexes. These species reasonably share the 
same geometry of the molecular skeleton, so inducing much 
greater ee values than those experimentally observed. 
However, the bent geometry leaves very little room to host 
the carbene, originated by the EDA or BDA attacks, and the 
approaching -methylstyrene during the cyclopropanation 
reaction. This strongly suggests that, during the catalytic 
process, the ligands geometry might not correspond to that 
determined through the X-ray analysis for 5. A theoretical 
approach can be of help in the search of all the low-energy 
conformers of ligands 3-5 and allows to detect the geometries 
more suitable to host the reacting entities, eventually 
suggesting the reasons of the observed low enantioselectivity. 
Thus, using the Gaussian09 package,
54
 a conformational study 
was initially performed on free ligands and successively 
extended to the transition state of the cyclopropanation 
reaction that their iron methoxy complexes catalyse. All the 
calculations were carried out within the density functional 
approach at the B3LYP
55,56
 level with the 6-31G(d) basis set for 
all atoms except the effective core potential LanL2DZ basis set 
used for iron, a computational level already found adequate 
for other metal porphyrin complexes.
27,41,57 
As reported above, the asymmetric unit cell of compound 5 
contains the two independent conformations A and B. The two 
straps of conformation A are almost similar as also indicated 
by the torsional angles defining its geometry (Table S1). 
Conversely, though the orientation of the strap in the lower 
side of conformation B corresponds to that found in A, the 
arrangement of the strap in its upper side is quite different; 
the skeleton of B is roughly enantiomeric and, as already 
stated, the amino acid phenyl group of the upper side faces 
one of the pyrrole rings instead of pointing away from the 
molecular core as occurs in the lower side. When optimised at 
the B3LYP/6-31G(d) level, the two crystallographic 
conformations A and B converge distinct conformers, 5A and 
5B (Table S1), the former being more stable by 0.81 kcal/mol 
than the latter. This indicates that the geometrical motif 
present in 5A and in the lower side of 5B is slightly favoured 
over the motif present in the upper side of 5B and that the 
packing crystallographic forces are able to force a strap in a 
non-optimal arrangement. It cannot be excluded that the 
straps of compound 5 might assume other geometrical 
arrangements different from those present in its crystal 
structure and, to explore this possibility, the single-handled 
structure 10 (Figure 4) was initially used. Compound 10 is 
devoid of the chiral moiety, replaced by a methyl group 
(named C in the Figure 4), but shares the common features 
of compounds 3-5 and it can be considered a simplified model 
for all of them. Although it contains only one strap, its 
intrinsical conformational preferences should correspond to 
those of the entire ligands, as already shown in similar 
cases.
27,41 
 
Figure 4. Model compounds 10, 11 and 12. 
Optimization of all the predictable starting geometries of 10 
allowed to locate, besides conformer 10A, corresponding to 
the handle geometry present in 5A and in the lower side of 5B, 
and its conformational enantiomer 10B, corresponding to the 
handle present in the upper side of 5B, a number of other 
conformers. Some of them, 10C-E, are only about 2 kcal/mol 
less stable than 10A-B and present interesting geometrical 
features (Figure 5 and Table S2). In conformers 10C-E the 
methyl group, mimic of the  carbon atom of the amino acid 
moiety, points away from the molecular core leaving an empty 
space above the porphyrin. In fact, the distance of C from the 
porphyrin centre (10.92 , 9.07, and 9.07 Å for 10C, 10D, and 
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10E, respectively) is much greater than in the crystallographic 
conformations A and B (5.56-5.90 Å). Conformers 10D and 10E 
are a couple of conformational enantiomers while conformer 
10C, having a plane of symmetry, is more symmetrical. 
 
Figure 5. Three-dimensional plots of the preferred conformers of the model single-
handled porphyrin 10 (relative energy, kcal/mol, in parentheses). 
Attention was then turned towards the stereoisomeric 
transition states (TSs) of the cyclopropanation reaction 
catalysed by the porphyrin iron methoxy complexes. Starting 
from the already described
41
 TSs for the trans and cis attack of 
-methylstyrene to the terminal carbene species deriving from 
Fe(TPP)(OMe) (TPP = dianion of tetraphenyl porphyrin), the 
handle of 10 in the 10A-E geometries was built around them. 
In each case, two substantially different orientations of the 
carbene moiety were envisaged, one with its ethyl group 
pointing inside the handle and the other one with this group 
outside it. A neat preference was found in all the cases for the 
outside orientation of the carbene ethyl group so the following 
discussion refers only to this arrangement (Figure 6 and Table 
S2). The large room present in 10D and 10E above the 
porphyrin allows them to well accommodate the approaching 
-methylstyrene and the carbene, making the corresponding 
TSs preferred over those originated from 10A-C. In particular, 
the fact that the geometry of the free ligand is almost 
unchanged in 10D-TS and 10E-TS complexes indicates that 
little strain is present in them. On the contrary, all the TSs 
deriving from 10A and 10B, less stable by 7-8 kcal/mol than 
those deriving from 10D and 10E, show a severe steric strain in 
the handle that is pushed away from the porphyrin, as 
indicated by the severe changes in the torsional angle values 
and by the C/porphyrin distance increased by almost 3 Å as 
respect to the free ligand (Table S2). The TSs derived from 10C 
are less stable than those derived from 10D-E, too, although to 
a lesser extent than those derived from 10A-B. Their steric 
strain is mainly due to the lateral meta-substituted benzo 
groups of the pickets which are too close one to the other for 
an optimal hosting of the reacting entities. It is worthy pointing 
out that, in agreement with the experimental data, in all the 
cases the trans-TSs are preferred over the cis-TSs. 
 
Figure 6. Three-dimensional plots of the lowest energy transition states for the trans 
and cis attack of -methylstyrene to the terminal carbene species deriving from the 
model ligand 10 (relative energy, kcal/mol, in parentheses).. 
Finally, the stereogenic center of the model ligand 11 (Figure 
4), which contains the common features of ligands 3 and 5 and 
can be considered a suitable model for both of them, was built 
in the S configuration around C of 10D-TS and 10E-TS 
complexes, using them twice, as such and as the mirror image, 
to obtain eight TS starting geometries, able to furnish the four 
(1R,2R), (1S,2S), (1R,2S), and (1S,2R) stereoisomeric 
cyclopropane reaction products. The main energetic and 
geometrical features of the eight optimised TSs are reported in 
Table S3 whereas the three-dimensional plots of the two most 
stable trans and cis TSs are reported in Figure 7. Both these TSs 
present the 11E geometry of the handle that allows a hosting 
of the reactants better than the 11D geometry. Once again, in 
agreement with the observed experimental data, the trans-TSs 
resulted more stable than the cis-TSs as a consequence of the 
fact that in the latter TSs the phenyl group of -methylstirene 
suffers a little strain being closer to the meta-substituted 
benzo groups of the pickets. 
 
Figure 7. Three-dimensional plots of the lowest energy transition states for the trans 
and cis attack of -methylstyrene to the terminal carbene species deriving from the 
model ligand 11 (relative energy, kcal/mol, in parentheses). 
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Moreover, the theoretical calculations reproduce the 
experimentally observed preference for the (1S,2S) and (1S,2R) 
stereoisomers of the trans and cis cyclopropane products, 
respectively. The observed enantioselectivity, very poor for the 
trans product and better but not excellent for the cis one, is 
justified by a limited influence of the chiral moiety, as 
expected by the fact that C points away from the reaction 
site. 
A similar procedure was repeated by building around C of the 
10D-TS and 10E-TS complexes the stereogenic centre of the 
ligand 12 (Figure 4), making it a model for 4. The 
computational data, reported in Table S4, are very similar to 
those found for 11, in agreement with the experimental 
behaviour of ligand 4 comparable with that of ligands 3 and 5. 
Experimental 
General procedures. Unless otherwise specified, all reactions 
were carried out under nitrogen or argon atmosphere 
employing standard Schlenk techniques and magnetic stirring. 
Porphyrin 2
58
 was synthesised according to literature 
procedure. Toluene, THF and -methylstyrene were purified 
by using standard methods and stored under nitrogen 
atmosphere. Anhydrous DMF and all other starting materials 
were commercial products used as received. NMR spectra 
were recorded at room temperature on a Bruker Avance 300-
DRX, operating at 300 MHz for 
1
H and at 75 MHz for 
13
C, or on 
a Bruker Avance 400-DRX spectrometer, operating at 400 MHz 
for 
1
H and at 100 MHz for 
13
C, or on a Bruker Avance 500-DRX 
spectrometer operating at 500 MHz for 
1
H and at 125 MHz for 
13
C. Chemical shifts (ppm) are reported relative to TMS. The 
1
H 
NMR signals of the compounds described in the following were 
identified by 2 D NMR techniques. Infrared spectra were 
recorded on a Varian Scimitar FTS 1000 spectrophotometer. 
UV/Vis spectra were recorded on an Agilent 8453E instrument. 
Elemental analyses and mass spectra were recorded in the 
analytical laboratories of Milan and Rennes 1 Universities. XRD 
were collected on a D8 VENTURE Bruker AXS diffractometer. 
Synthesis of Porphyrin 3. Porphyrin 2 (0.080 g, 6.22·10
-5
 mol), 
(L)-alanine tert-butyl ester hydrochloride (0.056 g, 3.11·10
-4
 
mol), NaI (0.093 g, 6.22·10
-4
 mol) and K2CO3 (0.172 g, 1.24·10
-3
 
mol) were dissolved in 72.0 mL of THF and 8.0 mL of DMF 
under argon. The mixture was refluxed under stirring for 8 
hours until the complete consumption of 2, which was 
monitored by TLC. Then, the solvent was evaporated to 
dryness and 20.0 mL of CH2Cl2 was added to the residue. The 
organic phase was extracted with 0.5 M HCl solution (three 
times with 20.0 mL each time), water (20.0 mL added three 
times) and then dried over NaSO4 and filtered. The filtrate was 
evaporated to dryness under reduced pressure and the crude 
purified by flash chromatography (silica gel, 15 m, 0.3% 
MeOH in CH2Cl2) to obtain a dark purple solid (49,0 mg, 55%). 
1
H NMR (500 MHz, CDCl3, 298K): (see SI for attribution)  8.96 
(m, 4H, Hpyr), 8.93 (d, 2H, J=4.4 Hz, Hpyr), 8.82 (s, 2H, Hpyr), 
8.83 (d, 2H, J=7.6 Hz, H
3
), 8.66 (d, 2H, J=7.6 Hz, H
3’
), 8.12 (d, 
4H, J=7.6 Hz, H
6
 and H
6’
), 7.91 (m, 4H, H
4
 and H
4’
), 7.60 (m, 4H, 
H
5
 and H
5’
), 7.30 (d, 2H, J=7.6 Hz, H
9
), 7.20 (d, 2H, J=7.6 Hz, 
H
9’
), 7.16 (s, 2H, HCONH), 7.04 (s, 2H, HCONH’), 6.81 (t, 2H, 
J=7.6 Hz, H
10
), 6.77 (d, 2H, J=7.6 Hz, H
11
), 6.74 (t, 2H, J=7.7 Hz, 
H
10’
), 6.62 (d, 2H, J=7.6 Hz, H
11’
), 4.41 (s, 2H, H
13
), 4.03 (s, 2H, 
H
13
), 2.08 (d, 2H, J
2
=13.1 Hz, H
14A
), 1.82 (q, 2H, J=6.8 Hz, H
15
), 
1.26 (s, 18H, H
17
), 0.87 (d, 2H, J
2
=13.0 Hz, H
14B
), 0.63 (bs, 4H, 
H
14A’
 and H
14B’
), -0.80 (d, 6H, J=6.8 Hz, H
16
), -2.34 ppm (s, 2H, -
NH2). 
13
C NMR (125 MHz, CDCl3, 298K):  171.7, 165.0, 164.7, 
139.0, 138.9, 138.8, 138.3, 134.2, 134.0, 133.6, 132.2, 131.7, 
131.2, 130.6, 130.5, 128.6, 128.5, 126.9, 126.3, 124.2, 123.8, 
123.7, 123.4, 121.9, 121.6, 115.5, 115.4, 80.8, 57.5, 52.4, 31.7, 
28.1, 10.1 ppm. UV-Vis: max (CH2Cl2): nm 422, 514, 547, 587, 
642 (log M 5.60, 4.11, 3.46, 3.60 and 3.08). IR (CH2Cl2): =3683 
(w), 3423 (w), 3315 (w), 2978 (w), 2932 (w), 1727 (w), 1682 
(w), 1606 (w), 1582 (w), 1522 (w), 1447 (w), 1308 (w), 1146 
cm
-1
 (w). IR (ATR): =3725 (w), 3005 (w), 1684 (w), 1507 (w), 
1276 (w), 1261 (w), 758 (w), 751 cm
-1
(w). Elem. Anal. Calcd. for 
C90H80N10O8: C, 75.61; H, 5.64; N, 9.80. Found: C, 75.47; H, 
5.73; N, 9.62. ESI: m/z=1429.7 [M
+
]. 
Synthesis of Porphyrin 4. Porphyrin 2 (0.500 g, 3.89·10
-4
 mol), 
(S)--methylbenzylamine (0.235 g, 1.94·10
-4
 mol), NaI (0.583 g, 
3.89·10
-3
 mol) and K2CO3 (1.08 g, 7.78·10
-3
 mol) were dissolved 
in 450.0 mL of THF and 50.0 mL of DMF under argon. The 
mixture was refluxed under stirring for 6 hours until the 
complete consumption of 2, which was monitored by TLC. 
Then, the solvent was evaporated to dryness and 50.0 mL of 
CH2Cl2 was added to the residue. The organic phase was 
extracted with 0.5 M HCl solution (50.0 mL added three times), 
water (50.0 mL added three times) and then dried over NaSO4 
and filtered. The filtrate was evaporated to dryness under 
reduced pressure and the crude purified by flash 
chromatography (silica gel, 15 m, 0.2% MeOH in CH2Cl2) to 
obtain a dark purple solid (0.359 g, 67%). 
1
H NMR (400 MHz, 
CDCl3, 298K) (see SI for attribution):  9.19 (d, 2H, J=4.9 Hz, 
Hpyr), 9.15 (d, 2H, J=5.0 Hz, Hpyr), 8.99 (s, 2H, Hpyr), 8.88 (d, 
2H, J=8.2 Hz, H
3
), 8.81 (s, 2H, Hpyr), 8.60 (d, 2H, J=8.1 Hz, H
3’
), 
8.23 (m, 4H, H
6 
and H
6’
), 7.92 (m, 4H, H
4
 and H
4’
), 7.60 (m, 4H, 
H
5
 and H
5’
), 7.26 (m, 6H, H
9’
 and H
18
), 7.19 (t, 2H, J=6.5 Hz, H
9
), 
7.17 (d, 2H, J=7.6 Hz, H
19
), 7.06 (s, 2H, HCONH), 7.0 (d, 4H, 
J=6.8 Hz, H
17
), 6.79 (t, 2H, J=7.7 Hz, H
10’
), 6.70 (t, 2H, J=7.7 Hz, 
H
10
), 6.69 (s, 2H, HCONH’), 6.63 (d, 2H, J=7.7 Hz, H
11’
), 6.50 (d, 
2H, J=7.6 Hz, H
11
), 3.84 (s, 2H, H
13’
), 2.89 (s, 2H, H
13
), 1.5 (d, 2H, 
J
2
=13.0 Hz, H
14A
), 1.16 (m, 2H, H
15
), -0.18 (d, 2H, J
2
=13.0 Hz, 
H
14B
), -0.35 (d, 2H, J
2
=15.7 Hz, H
14A’
), -0.54 (d, 6H, J=6.7 Hz, 
H
16
), -0.73 (d, 2H, J
2
=15.3 Hz, H
14B’
), -2.04 ppm (s, 2H, -NH2). 
13
C 
NMR (100 MHz, CDCl3, 298K):  207.05, 164.68, 164.61, 
144.24, 140.46, 139.37, 138.46, 134.31, 133.95, 133.44, 
132.59, 131.79, 131.32, 130.92, 130.79, 130.56, 130.04, 
128.77, 128.60, 128.51, 127.33, 126.93, 125.94, 124.59, 
123.97, 123.53, 122.05, 121.90, 120.70, 116.16, 115.76, 62.38, 
55.65, 51.23, 31.73, 31.06, 29.21, 22.08, 18.08, 14.26, 11.57 
ppm. UV-Vis: max (CH2Cl2): nm 423, 515, 587 (log M 5.37, 4.16 
and 2.67). IR (CH2Cl2): =3683.1 (w), 3423.5 (w), 3312.4 (w), 
1711.0 (w), 1683.8 (w), 1605.8 (w), 1581.5 (w), 1523.0 (w), 
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1448.1 (w), 1309.7 (w), 1259.3 (w), 1235.9 cm
-1
 (w). IR (ATR): 
=3424.7 (w), 3309.2 (w), 1680.7 (w), 1605.1 (w), 1580.4 (w), 
1514.5 (w), 1443.0 (w), 1304.4 (w), 1259.3 (w), 1235.9 cm
-1
 
(w). Elem. Anal. Calcd. for C92H72N10O4: C, 79.98; H, 5.25; N, 
10.14. Found: C, 79.56; H, 5.07; N, 9.98. ESI: m/z=1381.5 [M
+
]. 
Synthesis of Porphyrin 5. Porphyrin 2 (0.500 g, 3.89·10
-4 
mol), 
(L)-phenylalanine methyl ester hydrochloride (0.418 g, 
1.94·10
-4 
mol), NaI (0.583 g, 3.89·10
-3 
mol) and K2CO3 (1.08 g, 
7.78·10
-3 
mol) were dissolved under argon in 450.0 mL of THF 
and 50.0 mL of DMF. The mixture was refluxed under stirring 
for 6 hours until the complete consumption of 2, which was 
monitored by TLC. Then, the solvent was evaporated to 
dryness and CH2Cl2 was added to the residue. The organic 
phase was extracted with 0.5 M HCl solution (50.0 mL added 
three times), water (50.0 mL added three times) and then 
dried over NaSO4 and filtered. The filtrate was evaporated to 
dryness under reduced pressure and the crude purified by 
flash chromatography (silica gel, 15 m, 0.3% MeOH in CH2Cl2) 
to obtain a dark purple solid (0.297 g, 55%). 
1
H NMR (500 MHz, 
CDCl3, 330K) (see SI for attribution): 8.90 (s, 2H, Hpyr), 8.89 
(s, 2H, Hpyr), 8.88 (d, 2H, J=5.14 Hz, Hpyr), 8.81 (d, 2H, J=4.8 
Hz, Hpyr), 8.77 (d, 2H, J=8.28 Hz, H
3
), 8.65 (d, 2H, J=8.11 Hz, 
H
3’
), 8.13 (d, 2H, J=6.6 Hz, H
6
), 7.96 (d, 2H, J=7.4 Hz, H
6’
), 7.91 
(t, 2H, J=7.6 Hz, H
4
), 7.87 (t, 2H, J=7.5 Hz, H
4’
), 7.60 (t, 2H, J=7.5 
Hz, H
5
), 7.53 (t, 2H, J=7.5 Hz, H
5’
), 7.21 (d, 2H, J=8.0 Hz, H
9
), 
7.18 (m, 6H, H
19
 and H
20
), 7.11 (d, 2H, J=7.7 Hz, H
9’
), 7.08 (s, 2H, 
HCONH), 7.01 (s, 2H, HCONH’), 6.69 (t, 4H, J=7.5 Hz, H
10
 e H
10’
), 
6.68 (d, 2H, J=7.7 Hz, H
18
), 6.57 (d, 2H, J=7.7 Hz, H
11’
), 6.48 (d, 
2H, J=7.6 Hz, H
11
), 4.54 (s, 2H, H
13’
), 4.43 (s, 2H, H
13
), 3.15 (s, 
6H, H
21
), 2.60 (dd, 2H, J=6.04, J=8.95 Hz, H
15
), 2.24 (dd, 2H, 
J=9.3 Hz, J
2
=13.6 Hz, H
16
), 2.06 (d, 2H, J=14.2 Hz, H
14A
), 1.68 (d, 
2H, J=14.4 Hz, H
14A’
), 1.40 (dd, 2H, J=5.7 Hz, J
2
=13.5 Hz, H
16’
), 
1.08 (d, 2H, J=14.7 Hz, H
14’B
), 0.93 (d, 2H, J=15.4 Hz, H
14B
), -2.31 
ppm (s, 2H, -NH2). 
13
C NMR (125 MHz, CDCl3, 298K):  171.40, 
165.09, 165.05, 138.91, 138.82, 138.19, 137.30, 134.27, 
134.16, 134.06, 133.86, 131.89, 131.57, 131.39, 131.13, 
130.50, 130.41, 129.07, 128.57, 128.49, 126.78, 126.61, 
126.14, 124.28, 123.94, 123.78, 122.06, 121.85, 115.56, 
115.28, 64.01, 53.12, 52.72, 51.22, 32.52, 29.84, 14.26 ppm. 
UV-Vis: max (CH2Cl2): nm 423, 514 and 587 (log M 5.68, 5.02 
and 4.15). IR (CH2Cl2): =3678 (w), 3423 (w), 3315 (w), 1736 
(w), 1680 (w), 1606 (w), 1581 (w), 1522 (w), 1447 (w), 1348 
(w), 1308 cm
-1
 (w).  IR (ATR): =3419 (w), 1741 (w), 1680 (w), 
1604 (w), 1580 (w), 1519 (w), 1446 (w), 1347 (w), 1312 cm
-1
 
(w). Elem. Anal. Calcd. for C96H76N10O8: C, 76.99; H, 5.11; N, 
9.35. Found: C, 76.59; H, 5.50; N, 9.20. ESI: m/z=1497.6 [M
+
].  
Synthesis of complex Fe(3)(OMe). In a dried 25.0 mL Schlenk 
flask, porphyrin 3 (0.030 g, 2.10·10
-5 
mol) and FeBr2 (0.045 g, 
2.10·10
-4 
mol) were dissolved in 12.0 mL of anhydrous THF and 
the resulting dark solution was refluxed for 12 hours under 
stirring until the complete consumption of 3, that was 
monitored by TLC. The solvent was evaporated to dryness 
under reduced pressure and the crude purified by 
chromatography (alumina 0.063-0.200 mm, 0.5% MeOH in 
CH2Cl2) to obtain a dark brown solid (0.029 g, 94%). UV-Vis: 
max (CH2Cl2): nm 420 and 569 (log M 5.36 and 3.87). IR 
(CH2Cl2): =3688 (w), 3421 (w), 2962 (w), 2929 (w), 2855 (w), 
1726 (w), 1683 (w), 1581 (w), 1516 (w), 1448 (w), 1096 (w), 
1012 cm
-1
 (w). IR (ATR): = 2962 (w), 1260 (w), 1101 (w), 1017 
(w), 800 cm
-1
(w). ESI: m/z=1552.6 [M+K
+
].  
Synthesis of complex Fe(4)(OMe). In a dried 25.0 mL Schlenk 
flask, porphyrin 4 (0.030 g, 2.17·10
-5 
mol) and FeBr2 (0.047 g, 
2.17·10
-4 
mol) were dissolved in 12.0 mL of anhydrous THF. The 
resulting dark solution was refluxed under stirring for 4 hours 
until the complete consumption of 4, which was monitored by 
TLC. The solvent was evaporated to dryness under reduced 
pressure and the crude purified by chromatography (alumina 
0.063-0.200 mm, 0.3% MeOH in CH2Cl2) to obtain a dark brown 
solid (0.028 g, 90%). UV-Vis: max (CH2Cl2): nm 420 and 578 (log 
M 5.40 and 2.75). IR (CH2Cl2): =3684 (w), 3425 (w), 3313 (w), 
1711 (w), 1685 (w), 1606 (w), 1581 (w), 1523 (w), 1448 (w), 
1308 (w), 1258 (w), 1237 cm
-1
 (w). IR (ATR): =3424 (w), 3310 
(w), 1681 (w), 1606 (w), 1580 (w), 1516 (w), 1443 (w), 1305 
(w), 1260 (w), 1237 cm
-1
(w). Elem. Anal. Calcd. for 
C93H73FeN10O5: C, 76.17; H, 5.02; N, 9.55. Found: C, 76.30; H, 
5.10; N, 9.40. ESI: m/z=1466 [M
+
].  
Synthesis of complex Fe(5)(OMe). In a dried 25.0 mL Schlenk 
flask, porphyrin 5 (0.030 g, 2.0·10
-5 
mol) and FeBr2 (0.043 g, 
2.0·10
-4 
mol) were dissolved in 12.0 mL of anhydrous THF and 
the resulting dark solution was refluxed for 4 hours under 
stirring until the complete consumption of 5, that was 
monitored by TLC. The solvent was evaporated to dryness 
under reduced pressure and the crude purified by 
chromatography (alumina 0.063-0.200 mm, 0.5% MeOH in 
CH2Cl2) to obtain a dark brown solid (0.029 g, 92%). UV-Vis: 
max (CH2Cl2): nm 423 and 584 (log M 5.50 and 3.97). IR 
(CH2Cl2): =3680 (w), 3421 (w), 3314 (w), 1732 (w), 1683 (w), 
1608 (w), 1583 (w), 1448 (w), 1350 (w), 1308 cm
-1
 (w). IR 
(ATR): = 3420 (w), 1735 (w), 1680 (w), 1579 (w), 1445 (w), 
1310 cm
-1
(w). ESI: m/z=1581 [M
+
]. 
General catalytic procedures. Analytical data of cyclopropanes 
6 and 7 were in accordance with reported data.
59,60
 The 
6.8·10
-4 
mol/L stock solution of the catalyst was prepared by 
dissolving 6.8·10
-6
 mol of the opportune catalyst (Fe(2)(OMe), 
Fe(3)(OMe) or Fe(4)(OMe) in 10.0 mL of anhydrous toluene. 
The obtained solution was used for the following catalytic 
reactions. Method a. In a typical run, 1.0 mL of the stock 
solution was dissolved in 2.0 mL of anhydrous toluene. Then 
-methylstyrene and the diazo compound were added in a 
molar ratio catalyst/-methylstyrene/diazo compound = 
1:1000:1100 at the selected temperature (see Table 1). The 
consumption of the diazo compound was monitored by IR 
spectroscopy by measuring the decrease of the characteristic 
N2 absorbance at ≈2110 cm
-1
. The reaction was considered 
completed when the absorbance went below 0.03 (by using a 
0.5 mm-thickness cell). The solvent was evaporated to dryness 
and the residue analysed by 
1
H NMR by using 2,4-
dinitrotoluene as the internal standard and by HPLC by using a 
chiral column (DAI-CEL CHIRALCEL, IB, 
n
hexane/
i
propanol = 
99.75:0.25). Method b. The procedure illustrated for method a 
Journal Name  ARTICLE 
This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 9  
Please do not adjust margins 
Please do not adjust margins 
was repeated in the presence of activated 4Å molecular sieves. 
Method c. The procedure illustrated for method a was 
repeated using a syringe pump to add the diazo compound. 
Single-Crystal X-ray Analyses. CCDC 1536861. 
(2(C96 H76 N10 O8), 3(C H Cl3)); M = 3353.43. D8 VENTURE 
Bruker AXS diffractometer,
61
 Mo-Kα radiation (λ = 0.71073 Å), 
T = 150 K; triclinic P  1 (I.T.#1), a = 12.7372(10), b = 
13.5883(12), c = 26.157(3) Å, α = 82.596(3), β = 76.789(3), γ = 
82.552(3) °, V = 4347.0(7) Å
3
. Z = 1, d = 1.281 g.cm
-3
, μ = 0.215 
mm
-1
. The structure was solved by dual-space algorithm using 
the SHELXT program,
62
 and then refined with full-matrix least-
square methods based on F
2
 (SHELXL-2014).
63
 The contribution 
of the disordered solvents to the calculated structure factors 
was estimated following the BYPASS algorithm,
64
 implemented 
as the SQUEEZE option in PLATON.
65
 A new data set, free of 
solvent contribution, was then used in the final refinement. All 
non-hydrogen atoms were refined with anisotropic atomic 
displacement parameters. H atoms were finally included in 
their calculated positions. A final refinement on F
2
 with 36039 
unique intensities and 2035 parameters converged at ωR(F
2
) = 
0.2298 (R(F) = 0.0825) for 29468 observed reflections with I > 
2σ(I). 
Theoretical calculations. The Gaussian09 program package
54
 
was used for all the optimizations of the model ligands and the 
transition states catalysed by the corresponding iron porphyrin 
complexes. The starting structures were optimised in the gas-
phase at the B3LYP/6-31G(d) level
55,56
 for all the atoms but 
iron for which the effective core potential LanL2DZ was used. 
Optimisations of the iron complexes were performed on the 
doublet (S = 1/2) spin state, already found to be preferred in 
similar cases.
41
 Vibrational frequencies were computed at the 
same level of theory to define the optimised structures as 
minima or transition states. In all the cases, the transition 
states present an imaginary frequency corresponding to the 
forming bonds. 
Conclusions 
We described the synthesis and characterisation of three new 
chiral C2-symmetrical porphyrin ligands, as well as their iron(III) 
complexes, to test them as cyclopropanation catalysts. Taking 
advantage of the reactivity of benzylic groups of picket  
porphyrin 2 with amino functionalities, a general procedure 
was applied to synthesise porphyrins 3, 4 and 5. It should be 
noted that the intramolecular formation of two additional 
macrocycles was favoured with respect to intermolecular 
reactions between benzylic pickets of different molecules with 
the consequent formation of 3, 4 and 5 in good yields. In 
addition, the high versatility of this synthetic approach can be 
exploited to obtain a larger library of chiral porphyrins.  
The catalytic study confirmed that the reaction 
diastereoselectivity was mainly governed by the achiral 
portions of the totem molecule, which impose a fruitful 
tridimensional arrangement to the entire ligand. The presence 
of amino acid residues as chiral ‘hats’ was not effective to 
select an enantiomeric pathway and modest reaction 
enantioselectivities were achieved. 
The rationalisation of catalytic data by a theoretical study 
was fundamental in understanding the reasons for the 
observed stereocontrol and more importantly in guiding the 
future design of other and more efficient C2-symmetrical chiral 
ligands. In fact, whereas the free ligands prefer bent 
conformations that put the chiral moieties close to the 
porphyrin, the geometry they assume in the transition states 
of the cyclopropanation reaction is significantly different. The 
need to accommodate the reacting entities pushes the ‘hats’ 
away from the reaction site, so vanishing their potential effect 
on enantioselectivity. This suggests that ligands in which the 
molecular flexibility is limited enough to force ‘chirality’ to 
remain close to the porphyrin, might perform better. Their 
design and synthesis will be the object of future studies. 
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